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(54) SWITCHING POWER SUPPLY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make an input/output 
current continuous without using a transformer by a 
method wherein an input side and an output side are 
insulated from each other by first and second capacitors 
and the duty of the on/off control of a control unit is 
changed and, further, the electrical characteristics of 
first and second inductances are utilized. 
SOLUTION: An inductance L1 and a switching device S 
are connected in series to input terminals A 1 and A. The 
switching device S consists of a transistor. A control 
unit CNT generates a control signal (s) by which the 
switching device S is controlled to be turned on and 
turned off periodically. One end of a capacitor C1 is 
connected to the connection point between the 
inductance L1 and the switching device S. One end of a 
capacitor C2 is connected to the input terminal A. A 
diode D1 is connected between the other end of the 
capacitor C1 and the other end of the capacitor C2. One 
end of the inductance L2 is connected to the connection 
point between the capacitor C1 and the diode D1. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
danages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st inductance and switching device to which it is the switching power supply 
which changes direct-current input voltage into direct-current output voltage, and direct- 
current input voltage is impressed and by which the series connection was carried out, The 
control section which carries out on-off control of this switching device periodically, and the 1st 
and 2nd capacitors by which each end was connected to the end and the other end of said 
switching device, The diode connected between the other end of this 1st capacitor, and the 
other end of said 2nd capacitor, Switching power supply which is constituted by the 2nd 
inductance and the 3rd capacitor for smooth which were connected to the serial among the both 
ends of this diode, and obtains direct-current output voltage from the both ends of this 3rd 
capacitor. 

[Claim 2] The 1st and 2nd input terminals with which it is the switching power supply which 
changes direct-current input voltage into direct-current output voltage, and direct-current input 
voltage is impressed, The 1st inductance and switching device which were connected to these 
1st and 2nd input terminals at the serial, The control section which carries out on-off control of 
this switching device periodically, and the 1st capacitor to which the end was connected at the 
node of said 1st inductance and said switching device, The 2nd capacitor by which the end was 
connected to said 2nd input terminal, and the other end of said 1st capacitor, The 2nd 
inductance to which the end was connected at the node of the diode connected between the 
other ends of said 2nd capacitor, and said 1st capacitor and said diode, Switching power supply 
which resembled the 3rd capacitor connected between the node of said diode and said 2nd 
capacitor, and the other end of this 2nd inductance, and the 1st and 2nd output terminals 
connected to the both ends of this 3rd capacitor, and was constituted more. 
[Claim 3] The 1st and 2nd input terminals with which it is the switching power supply which 
changes direct-current input voltage into direct-current output voltage, and direct-current input 
voltage is impressed, The switching device and the 1st inductance which were connected to 
these 1 st and 2nd input terminals at the serial, The control section which carries out on-off 
control of this switching device periodically, and the 1st capacitor to which the end was 
connected at the node of said switching device and said 1st inductance, The 2nd capacitor by 
which the end was connected to said 1st input terminal, and the other end of said 1st capacitor, 
The 2nd inductance to which the end was connected at the node of the diode connected 
between the other ends of said 2nd capacitor, and said 1st capacitor and said diode, Switching 
power supply which resembled the 3rd capacitor connected between the node of said diode and 
said 2nd capacitor, and the other end of this 2nd inductance, and the 1st and 2nd output 
terminals connected to the both ends of this 3rd capacitor, and was constituted more. 
[Claim 4] Said switching device is switching power supply according to claim 1, 2, or 3 
characterized by being constituted by the transistor. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the switching power supply which supplies the 

stable direct-current output voltage. 

[0002] 

[Description of the Prior Art] Conventionally, as this kind of switching power supply, there is a 
thing as shown, for example in drawing 10 . 

[0003] (1) The switching power supply shown in drawing 10 (a) is a pressure-lowering mold 

switching regulator, and the description is as follows. 

[0004] a) Non-insulating mold b output voltage (VO) < input voltage (Vi) 

c) The switching power supply shown in polar (2) drawing 10 (b) as input voltage with the input 
current le same [ the polarity of discontinuity current d output voltage ] is a pressure-up mold 
switching regulator, and the description is as follows. 
[0005] a) Non-insulating mold b output voltage (Vo) > input voltage (Vi) 

c) The switching power supply shown in polar (3) drawing 10 (c) as input voltage with the current 
Id same [ the polarity of discontinuity current d output voltage ] to the smoothing capacitor of 
an output stage is a polar inversion switching regulator, and the description is as follows. 
[0006] a) The switching power supply the current Id to the smoothing capacitor of a 
discontinuity current c output stage indicates the polarity of discontinuity current d output 
voltage to be to input voltage and reversed-polarity (4) drawing 10 (d) is an insulating mold 
switching regulator, and the description of the non-insulating mold b input current le is as 
follows. 

[0007] a) An insulating mold b input current is discontinuity current c output voltage Vo< 
(second/np) Vi[0008]. 

[Problem(s) to be Solved by the Invention] However, if it is in the conventional switching power 
supply As for the thing of the mold of drawing 1 0 (a), (b), and (c), between I/O is a non-insulating 
mold. Moreover, the thing for which drawing 10 (a) and (b) are limited to a pressure-lowering 
mold and a pressure-up mold with the mold, Any mold of drawing 10 had an input current or the 
discontinuous output current, and by the method of discontinuity, there was a problem of a noise 
[ as opposed to an external device in an input current ], and when it was the method of output 
current discontinuity, technical problems, like there is a problem of a ripple voltage occurred. 
[0009] Moreover, by the method of the insulating mold of drawing 10 (d) which used the 
transformer, since the design of a transformer was needed, while the design took time amount, 
there was difficulty of circuit mounting from the field of an equipment miniaturization. 
[0010] Without having been made paying attention to such a conventional trouble, and using a 
transformer, this invention can be set to both pressure lowering/pressure up, and aims to let an 
I/O current offer the switching power supply of a continuous insulating mold. 
[0011] 

[Means for Solving the Problem] The 1st inductance and switching device to which this invention 
is switching power supply which changes direct-current input voltage into direct-current output 
voltage, and direct-current input voltage is impressed and by which the series connection was 
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carried out, The control section which carries out on-off control of this switching device 
periodically, and the 1st and 2nd capacitors by which each end was connected to the end and 
the other end of said switching device, The diode connected between the other end of this 1st 
capacitor, and the other end of said 2nd capacitor, It is constituted by the 2nd inductance and 
the 3rd capacitor for smooth which were connected to the serial among the both ends of this 
diode, and direct-current output voltage is obtained from the both ends of this 3rd capacitor. 
[0012] The 1st and 2nd input terminals with which this invention is switching power supply which 
changes direct-current input voltage into direct-current output voltage according to other 
standpoints, and direct-current input voltage is impressed, The 1st inductance and switching 
device which were connected to these 1st and 2nd input terminals at the serial, The control 
section which carries out on-off control of this switching device periodically, and the 1st 
capacitor to which the end was connected at the node of said 1st inductance and said switching 
device, The 2nd capacitor by which the end was connected to said 2nd input terminal, and the 
other end of said 1st capacitor, The 2nd inductance to which the end was connected at the node 
of the diode connected between the other ends of said 2nd capacitor, and said 1 st capacitor and 
said diode, The 3rd capacitor connected between the node of said diode and said 2nd capacitor 
and the other end of this 2nd inductance and the 1st and 2nd output terminals connected to the 
both ends of this 3rd capacitor are resembled, and it is constituted more. 

[0013] The 1st and 2nd input terminals with which this invention is switching power supply which 
changes direct-current input voltage into direct-current output voltage according to the 
standpoint of further others, and direct-current input voltage is impressed, The switching device 
and the 1st inductance which were connected to these 1st and 2nd input terminals at the serial, 
The control section which carries out on-off control of this switching device periodically, and the 
1st capacitor to which the end was connected at the node of said switching device and said 1st 
inductance, The 2nd capacitor by which the end was connected to said 1st input terminal, and 
the other end of said 1st capacitor, The 2nd inductance to which the end was connected at the 
node of the diode connected between the other ends of said 2nd capacitor, and said 1st 
capacitor and said diode, The 3rd capacitor connected between the node of said diode and said 
2nd capacitor and the other end of this 2nd inductance and the 1st and 2nd output terminals 
connected to the both ends of this 3rd capacitor are resembled, and it is constituted more. 
[0014] Thus, according to this invention, an input side and an output side can be insulated by the 
1st and 2nd capacitors (C1, C2), without using a transformer. Moreover, by changing the duty of 
the on-off control of a control section, the setting range of an output voltage value can be made 
large, namely, can be set to both pressure lowering/pressure up. Furthermore, an I/O current 
can offer continuous switching power supply by the circuitry using the electrical characteristics 
of the 1st and 2nd inductances (L1, L2). 
[0015] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to 
a detail. 

[0016] First, the circuit diagram of the switching power supply built over the gestalt of 1 
operation of this invention at drawing 1 is shown. This switching power supply generates the 
direct-current output voltage Eout in response to direct current voltage Ein at output terminal 
B' and B in input terminal A' and A. An inductance L1 and switching device S are connected to a 
serial at input terminal A' and A. Switching device S is constituted by the transistor. A control 
section CNT generates the control signal a which carries out on-off control of the switching 
device S periodically (refer to wave [ of drawing 2 ] a). The end of a capacitor C1 is connected 
at the node of an inductance L1 and switching device S. On the other hand, the end of a 
capacitor C2 is connected to an input terminal A. Diode D1 is connected between the other end 
of a capacitor C1, and the other end of a capacitor C2. The sense of diode D1 is sense from 
which an anode is a capacitor C1 side and a cathode is on a capacitor C2 side. The end of an 
inductance L2 is connected at the node of a capacitor C1 and diode D1. A capacitor C3 is 
connected between the node of diode D1 and a capacitor C2, and the other end of an 
inductance L2. The both ends of a capacitor C3 are connected to output terminal B' and B. Load 
resistance R is connected to this output terminal B* and B. 
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[0017] Now, the capacity value of capacitors C1 t C2, and C3 shall be set up as follows. 
[0018] C1»Iout-TonC2»Iout-TonC3>C1C3>C2 — actuation by the steady state of the circuit 
of drawing 1 is explained with reference to the wave form chart of drawing 2 under such 
conditions. 

[0019] 1) It is 0 in the period when switching device S turns on the electrical potential difference 
V1 about electrical potential differences V1 and V2, i.e., a Ton period. Switching device S takes a 
certain electrical-potential-difference value in OFF, i.e., a Toff period. This electrical-potential- 
difference value is set to Ex. 

[0020] An electrical potential difference V2 is 0 in the Toff period when a switch is off. In the 
Ton period which is ON, switching device S takes a certain electrical-potential-difference value, 
and sets this to Ey. 

[0021] In a steady state, since the value of the fixed period time quadrature of both-ends 
electrical-potential-difference Ein-V1 of an inductance L1 is set to 0, a degree type is realized. 
[0022] 
[Equation 1] 
tt 1 

fT /To n /To f f 

/ (E i n -Vi)- d t=J Ei n • d t+J^ (E i n -E x ) ■ d t = 0 
[0023] Therefore, it is set to Ex= (T/Toff) and Ein. 

[0024] said conditions — like — Since it is C1»Iout-Ton, change of the both-ends electrical 
potential difference of the capacitor C1 within a Ton period can be approximated to 0. 
[0025] Therefore, it becomes Ey=Ex. 

[0026] 2) Although the detail explanation is omitted since the circuit from an electrical potential 
difference V2 to an electrical potential difference Eout is constituting the general pressure- 
lowering mold switching regulator about the electrical potential difference Eout, an electrical 
potential difference Eout is obtained like a degree type. 
[0027] Eout=(Ton/T) -V2=(Ton/T)- (-Ex) 

= It is set to =(Ton/T) D (: duty), then Eout=- (D/(1-D)) and Ein - (Ton/Toff) and now [ Ein ]. 
[0028] The graph with which the relation of the duty D opposite output voltage Eout is 
expressed to drawing 3 is shown. As shown in this drawing, output voltage Eout will increase 
rapidly, if it is 0, and it increases gently while Duty D is small and D becomes large further, when 
Duty D is 0. Duty D serves as Eout=Ein in 0.5, and the relation of the magnitude of Eout and Ein 
is reversed bordering on this point. 

[0029] 3) About a current flowing, it is the period (Ton) of itO-tl. 

The equal circuit of the circuit of drawing 1 of this period is shown in drawing 4 . A current 11 
flows in the direction of A'->L1 ->S->A, and a current 12 flows in the direction of L2 ->C1 ->C2 
->R so that switching device S may have closed during this period and drawing 4 may show it. 
[0030] Since both the currents 11 and 12 that flow to inductances L1 and L2 flow switching 
device S, the current Is which flows switching device S is set to Is=I1+I2. It is the current 
variation from the time of day tO of currents 11 and 12 to t1, respectively delta 11, delta 12, then 
[0031] 
[Equation 2] 
» 2 

1 ft i 1 

A I 1 = " / E i n • d t = " ■ E j n • Ton 

Li Jto Li 

[0032] 
[Equation 3] 
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1 rt i 1 

A I 2 = / (Eoul -Ey)'dt = " • E i n * To n 

L2 Jto L2 



[0033] It becomes. 

[0034] ii) Period of t1-t2 (Toff) 

The equal circuit of the circuit of drawing 1 of this period is shown in drawing 5 . During this 
period, switching device S is opened wide, and the current Is which flows switching device S is 
set to 0. 

[0035] A current 11 flows in the direction of A'->L1 ->C1 ->D1 ->C2 ->A, and a current 12 flows 
in the direction of L2 ->D1 ->R. 

[0036] The current variation from the time of day t1 of currents 11 and 12 to t2 is [0037] like a 
Ton period. 
[Equation 4] 

a 4 

1 rt 2 

-A I 1 = (Ein-Ex)-dt 

Jt, 



Li 



1 Ton 1 

A I 1 = ( , Ein)"Tof f = ■ E j n 

Li Toff Li 

[0038] 
[Equation 5] 

m s 



i rt 2 

-A I 2 / Eout 'dt 

L2 Jt! 



1 1 

A I 2 = 'Eoul "Toff™ 1 E i n "Ton 

Lz L2 

[0039] It becomes. 

[0040] 4) Since it is set to 0, the fixed period time quadrature of the current which flows into a 
capacitor C1 (or C2) in a steady state about the relation between a current 11 and a current 12 is 
[0041]. 
[Equation 6] 
ft 6 



T (I i -lz)-dt = 0 
o 



L 

/To n /To f f 

/ 12 - d t - / li-dt = 0 

Jo Jo 



[0042] It becomes and, therefore, is set to 12, Ton=I1, and ToffI2=(Toff/Ton) 11. Furthermore, 
since it is I2=Iout, it is set to lout=(T off/Ton) 11. 

[0043] Now, 0 then input power Pin, and output power Pout serve as Pin=I1, EinPout=Iout-Eout= 
(Toff/Ton) 11 and (Ton/Toff) Ein=I1, and Ein in loss electric about all the components of drawing 
1 . That is, 100% of effectiveness of the ideal switching power supply generally said is 
materialized. 

[0044] In addition, the function of a capacitor C3 has the operation which absorbs the fluctuation 
current (ripple current) of the current 12 which flows an inductance L2. 
[0045] The description of the gestalt of this operation is as follows. 



http://www4.ipdl. ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2005/06/06 



JP,09-163723,A [DETAILED DESCRIPTION] 



5/6 *<—zs 



[0046] a) It is the method which insulated between I/O in direct current, without using a 
transformer (it insulates by capacitors C1 and C2). 

[0047] b) To input voltage, in 0.5 or less duty, output voltage Eout serves as Eout<Ein f and it 
becomes Eout>Ein by 0.5 or more duty. That is, it can respond to both a pressure up and 
pressure lowering by adjustment of duty. 

[0048] c) For components S, CI, C2, and D1, a current flows intermittently, and flows 
continuously for them at other components. That is, the current between input terminal A-A' 
terminals is a continuation current, and output current Iout=I2 is also a continuation current 
value. 

[0049] Next, the circuit diagram of the switching power supply built over the gestalt of operation 
of the 2nd of this invention at drawing 6 is shown. This transforms the circuit of drawing 1 and 
the same result as the circuit of drawing 1 is obtained. The equivalent reference mark is given to 
the component equivalent to drawing 1 . 

[0050] This switching power supply generates the direct-current output voltage Eout in 
response to direct current voltage Ein at an output terminal B and B' in input terminal A* and A. 
Switching device S and an inductance L1 are connected to a serial at input terminal A 1 and A. A 
control section CNT generates the control signal a which carries out on-off control of the 
switching device S periodically (refer to wave [ of drawing 7 ] a). The end of a capacitor C2 is 
connected to input terminal A'. The end of a capacitor C1 is connected at the node of switching 
device S and an inductance L1. Diode D1 is connected between the other end of a capacitor CI, 
and the other end of a capacitor C2. The sense of diode D1 is sense from which an anode is a 
capacitor C2 side and a cathode is on a capacitor C1 side. The end of an inductance L2 is 
connected at the node of a capacitor C1 and diode D1. A capacitor C3 is connected between 
the node of diode D1 and a capacitor C2, and the other end of an inductance L2. The both ends 
of a capacitor C3 are connected to output terminal B' and B. Load resistance R is connected to 
this output terminal B f and B. The setups of the capacity value of capacitors C1, C2, and C3 are 
the same as that of the case of drawing 1 . 

[0051] Drawing 7 explains actuation by the steady state of the circuit of drawing 6 . 
[0052] 1) It is Ein in the period when switching device S turns on the electrical potential 
difference V1 about electrical potential differences V1 and V2, i.e., a Ton period. Switching 
device S takes a certain electrical-potential-difference value in OFF, i.e., a Toff period. This 
electrical-potential-difference value is set to Ez. 

[0053] In the Toff period when a switch is off, diode D1 flows through an electrical potential 
difference V2, and it is 0. In the Ton period which is ON, switching device S takes a certain 
electrical-potential-difference value, and sets this to Ey. 

[0054] In a steady state, since the value of the fixed period time quadrature of the both-ends 
electrical potential difference V1 of an inductance LI is set to 0, a degree type is realized. 
[0055] 
[Equation 7] 
« 7 

H [Ton /Toff 

/ Vi -dt = / Ei n -dt+f Ez -dt=0 

Jo jo Jo 

[0056] Therefore, it is set to Ez= (Ton/Toff) and Ein. 
[0057] Therefore, it is set to Ey=Ein-Ez= (T/Toff) and Ein. 

[0058] 2) About an electrical potential difference Eout, an electrical potential difference Eout is 
obtained like a degree type. 

[0059] It is set to Eout=(Ton/T) -V2= (D/(1-D)) and Ein (however, D=Ton/T). 

[0060] The relation of the duty D opposite output voltage Eout is the same as that of the case 

where it is the circuit of drawing 1 , except the signs of Eout differing. 

[0061] 3) About a current flowing, it is the period (Ton) of it0-t1. 

The equal circuit of the circuit of drawing 6 of this period is shown in drawing 8 . A current 11 
flows in the direction of A->S->L1 ~>A, and a current 12 flows in the direction of L2 ->R->C2 - 
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>S->C1 so that switching device S may have closed during this period and drawing 8 may show 
it. 

[0062] ii) Period of t1-t2 (Toff) 

The equal circuit of the circuit of drawing 6 of this period is shown in drawing 9 . During this 
period, switching device S is opened wide, and the current Is which flows switching device S is 
set to 0. 

[0063] A current 11 flows in the direction of A'->C2 ->D1 ->C1 ->L1 ->A, and a current 12 flows 
in the direction of L2 ->R->D1. 

[0064] 4) About the relation between a current 11 and a current 12, since the fixed period time 
quadrature of the current which flows into a capacitor C1 (or C2) in a steady state is set to 0, 
said-six number is realized and, therefore, it is set to lout=(Toff/Ton) 11 as above-mentioned. 
[0065] It has the description as the gestalt of operation of drawing 1 that the gestalt of 
operation of drawing 6 is also the same. 
[0066] 

[Effect of the Invention] As explained above, according to this invention, the effectiveness of 
enumerating below is acquired. 

[0067] (1) Since between I/O is an insulating mold, both a forward electrical potential difference 
and a negative electrical potential difference can be obtained by the method of connection of an 
output terminal (B\ B) as an output 

[0068] (2) An output voltage value can be set to both a value lower than input voltage and a high 
value. 

[0069] (3) Since an I/O current turns into a continuation current, noise generating is small. 
[0070] (4) In order not to use a transformer, the design of a transformer becomes unnecessary 
and the degree of freedom in printed circuit board mounting of passive circuit elements 
increases. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing the example of a configuration of the switching 
power supply by this invention. 

[Drawing 2] It is the wave form chart showing the wave of the main signals of the circuit of 
drawing 1 . 

[Drawing 3] It is the graph which shows the relation between the output voltage of the circuit of 
drawing 1 , and duty. 

[Drawing 4] It is the circuit diagram showing the equal circuit of the Ton period of the circuit of 
drawing 1 . 

[Drawing 5] It is the circuit diagram showing the equal circuit of the Toff period of the circuit of 
drawing 1 . 

[Drawing 6] It is the circuit diagram showing other examples of a configuration of the switching 
power supply by this invention. 

[Drawing 7] It is the wave form chart showing the wave of the main signals of the circuit of 
drawing 6 . 

[Drawing 8] It is the circuit diagram showing the equal circuit of the Ton period of the circuit of 
drawing 6 . 

[Drawing 9] It is the circuit diagram showing the equal circuit of the Toff period of the circuit of 
drawing 6 . 

[Drawing 10] It is the circuit diagram showing the various conventional switching power supplies. 
[Description of Notations] 

A\ A [ — Diode, L1, L2 / — Inductance. ] — The 1st and 2nd input terminals, B\ B — The 1st 
and 2nd output terminals, C1, C2, C3 — A capacitor, D1 



[Translation done.] 
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